Intergroup conflict contributes to human discrimination and violence, but persists because 42 individuals make costly contributions to their group's fighting capacity. Yet how groups 43 effectively synchronize their contributions during intergroup conflict remains poorly understood. 44 Here we examine whether the evolutionary ancient neuropeptide oxytocin provides a 45 neurobiological mechanism underlying group synchronization to attack or defend during real-46 time intergroup conflict. In a double-blind placebo-controlled study with N=480 males in 47 Attacker-Defender intergroup conflicts, we found that oxytocin reduced attackers' contributions 48 and over time increased attacker's within-group synchronization of contributions. However, 49 rather than becoming peaceful, oxytocin enabled attackers to track rivals' defense-history and 50 synchronize their contributions into well-timed (when defenders were weak) and hence more 51 profitable attacks. Combined, results reveal behavioral synchronization and coordinated action as 52 critical components of successful attacks, subscribe to the possibility that oxytocin enables 53 individuals to contribute to in-group efficiency and prosperity, even when such implies outsiders 54 are excluded or harmed. 55 56
groups preparing for intergroup conflict build cohesion and commitment through social bonding 84 routines and rituals. Groups selectively invite friends to join a raid (Schelling, 1960) Whereas these works together point to oxytocin as a possible neurobiological mechanism 102 underlying behavioral synchronization and group coordination, three issues remain. First, we 103 lack empirical evidence for the possible role of oxytocin in the group-level coordination of 104 collective action in general, and during intergroup conflict in particular. Second, we poorly 105 understand what group members use to coordinate collective action during intergroup conflict, 106 and whether oxytocin directly influences the group-coordinated behavior or changes the strategy 107 5 / 38 group members coordinated on. Third, and finally, we do not know whether and how oxytocin 108 modulates these distinctly different forms of tacit coordination within groups attacking out- 109 groups, or defending against such out-group attacks. 110 111 Here we addressed these issues in eighty interactive, multi-round contests between three-person 112 attacker and three-person defender groups. Group members on each side made individual 113 contributions to their group's fighting capacity (aimed at attacking the other side, or aimed at 114 defending against such possible attacks). We provided individuals with real-time feedback on 115 group investments and success after each contest round, which allowed group members to learn 116 and adapt to their rival's past contributions, and use the history of play as a prominent focal point Schelling, 1960) which, in on-going intergroup conflict can be 121 the rival's history of play. For example, when attacking out-groups, groups may coordinate their 122 contributions on the historical level of defense displayed by their target, so that groups attack 123 when historical defense was low and the target appears vulnerable; and not attack when historical 124 defense was high and the target appears strong and difficult to beat. 125 126 We expected oxytocin to elevate contributions to in-group defense but because in-group defense 127 is tacitly well-coordinated-individuals fight towards the same goal of self-preservation and 128 group survival-elevating oxytocin may not further contribute to the coordination of joint in-7 / 38 Methods Summary 153 We examined these possibilities using a dynamic, fully incentivized Intergroup Attacker- Hermalin, 1998), thus providing a benchmark to compare groups in the simultaneous decision-177 protocol who lack an explicit coordination mechanism and have to find other means-such as a 178 shared social norm or the rival's past defense-to synchronize and turn contributions into oxytocin than placebo (M±SE = 13.46±0.90 vs. 11.01±0.75; F(1,78) = 4.345, p = 0.040; η 2 = 201 0.053). Crucially, oxytocin increased the number of non-contributors in attacker groups but not 202 in defender groups (Role × Treatment, F(1,78) = 5.043, p = 0.028, η 2 = 0.061, Fig. 1B ). This 203 Role × Treatment effect is especially true when decisions were made simultaneously (F(1,78) = 204 5.712, p = 0.019, η 2 = 0.068) but less so when sequentially (F(1,78) = 2.143, p = 0.147; η 2 = 205 0.027). To further reveal how oxytocin influences the non-contributing decisions, we examined 206 participants' decision time by calculating the decision time separately for the round that 207 participants decided to or not to contribute. We showed that attacker groups made their decisions 208 not to contribute faster than to contribute (Contribute: F(1,78) =137.679, p < 0.001, η 2 = 0.641). 209 Interestingly, oxytocin sped up attacker groups to make their non-contributing decisions 210 (Treatment × Contribute : F(1,77)=4.857, p=0.031; η 2 = 0.059, SI, Fig. S3 ). To examine what strategy attackers given oxytocin coordinated on we first examined the contest 225 outcomes. As noted, oxytocin may enable groups to coordinate on a peaceful "no-attack 226 strategy," in which case we should find lower victories in attacker groups given oxytocin rather 227 than placebo, and no effect of oxytocin on tracking rival s' defense history. This was not the case: 228 the number of victories was similar in attacker groups given oxytocin (M±SE: 24.8% ± 1.8%) 229 and placebo (M±SE: 26.6% ± 1.5%)(F(1,78) = 0.572, p = 0.452; η 2 = 0.007). Furthermore, rather 230 than making groups coordinate on a peaceful no-attack strategy, oxytocin may enable groups to 231 coordinate on attacking at the right moment with the right force. To facilitate the illustration of 232 the oxytocin effect on the relationship between investment and payment (leftover and spoils), the 233 investment and payment for each condition were respectively highlighted in Fig past defense parameter α (average defender's investment in the last two rounds, i.e., (Di-1+Di-2)/2 245 on round i) and regressed attacker group's investments onto α (attack increased when defender 246 groups were vulnerable rather than strong, as indicated by α approaching -1). It showed that 247 attacker groups given oxytocin tracked their rival's past defense and attacked especially when 248 defenders appeared more rather than less vulnerable (i.e., attack regressed negatively on rival's 249 historical defense). Specifically, when decisions were made simultaneously, attack regressed 250 more strongly on α when groups received oxytocin (M±SE: -0.30 ± 0.05) rather than placebo 251 (M±SE: -0.01 ± 0.13) (F(1,78) = 4.683, p = 0.034, η 2 = 0.057), and under oxytocin but not 252 placebo, the regression on α was also stronger in simultaneous rather than sequential decision-253 making (Treatment × Procedure interaction, F(1,78) = 7.397, p = 0.008, η 2 = 0.087, Fig. 3A ).
255
Combined, results suggest that groups given oxytocin created more spoils from winning and had 256 higher leftovers when attacks failed because they better coordinated attack at the right time and 257 with the proper force. Indeed, when decisions were made simultaneously, the more strongly 258 attacker groups relied on tracking parameter α, the lower their within-group variance when 259 contributing (r = 0.222, p = 0.048, Fig. 3B ), and the lower within-group variance when 260 contributing, the higher the attacker's spoils when winning the conflict (r = -0.328, p = 0.004, To be victorious in intergroup conflict, group members not only need to contribute to their 271 group's fighting capacity. They also need to coordinate collective action so that they attack when 272 their rival is expected to be weak, and avoid wasting resources on attacking tough defenders. 273 Here we found, using a dynamic intergroup contest between attackers and defenders, that those 274 groups who tracked their defender's history of play and coordinated their attacks of weak rather 275 than strong defenders wasted less resources on failed attacks and enjoyed greater spoils when 276 winning. In addition, we uncovered that oxytocin serves as a neurobiological mechanism 277 underlying such well-timed and coordinated attacks, as it enabled individuals within attacker 278 groups to converge their individual contributions on each other more, and to collectively refrain 279 from attacking apparently strong defenders, and effectively attacking apparently weak defenders. 280 Finally, we found that providing attacker groups with a sequential decision-making protocol as 281 an explicit coordination device substituted oxytocin-induced tacit coordination. and how oxytocin differentially affects attack and defense behavior during intergroup conflict. 318 Using a dynamic attack-defense contest we revealed selective effect of oxytocin on group 319 attacking. As such, the present study provides a new perspective on oxytocin in intergroup 320 conflict by highlighting its functionality for strategic attack (rather than defense). In doing so, we 321 also obtained first-time evidence that in-group coordination for collective action can be tracked 322 to evolutionary ancient neurobiological factors. Fig. S2 ). All the experimental instructions used neutral language (e.g., 383 contribution was labeled investment; defense and attack were avoided, and groups were labeled 384 to as group A or B). Finally, participants filled out a post-survey for mood measurement and 385 manipulation check. The attacker and defender groups under oxytocin or placebo did not differ 386 in mood change, empathic capacity, prosocial personality, impulsiveness, subjective socio-387 economic status and cooperative personality (SI, Table S1, S2). Role × Procedure ANOVA showed that effects for role (F(1,78)=43.090, p < 0.001, η 2 = 0.356), 452 procedure (F(1,78)=166.199, p < 0.001, η 2 = 0.681) and the role x procedure interaction were 453 significant (F(1,78)=147.586, p < 0.001, η 2 = 0.654). Furthermore, fitting the results for within-454 group variance reported in the Main Text (see Fig. 2A ), results further showed that oxytocin 455 increased attacker groups' intraclass correlation under simultaneous decision-making (t(78)=-456 2.057, p=0.043, Cohen's d=0.230, SI, Fig. S4 ). Table S2 . 699 Mood changes from pre-experiment to post-experiment. Table S3 . 703 Point estimates for indirect effects and bootstrapped 95% bias-corrected confidence intervals for 704 multiple mediational analysis in which attacker group's tracking (strategic tracking when α  -1) 705 and within-group variance (variance) were represented as mediators in the association between 706 Treatment and spoils from winning a conflict during simultaneous decision-making. 
